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THE GENERAL GEOLOGY OF THE CARDWELL MINING DISTRICT
JEFFERSON COUNTY. MONTANA
by
Clyde Congdon
INTRODUCTION
The Cardwell Mining ~~triot is a part of the greater
Whitehall Mining ~striot whioh also includes the Renova and
Mayflower distriots. The district is situated about four
miles to the east and northeast of Whitehall in the southern
end of the Bull Mountains which are a short offshoot of the
Continental Divide. They extend from south of Boulder Hot
Springs, between the Boulder River and Whitetail Creek, aouth
to the Jefferson River three miles east of Whitehall.
The first reported produotion was in 1896 after the dis-
oovery of the Mayflower Mine. Mining has been oarried on in-
termittently and on a small scale since that time. At present,
due to the increased price of gold. there is considerable ao-
tivity in this area and small shipments of ore are being made
to the smelters at Eel&na ana An~oonda.
The investigation of this area wee undertaken as a prob-
lem in geologic mapping i~ ~raar to fulfill the requirements
for a thesis. The field work and preparat~on of maps was
carried out un~er the snpervi&ion of Dr. B. S. Perry, while
Dr. H. W. Scott assisted in working out the stratigraphy.
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United states Land Survey maps of this area were used to con-
struct a base map on which the geologic formations were plot-
ted. Distances were measured by automobile and pacing traverses,
Some of the mOre prominant points were located by triangulation.
Wherever possible the traverses were tied into section cor-
ners or some other fixed point to eliminate as far as possible
the errors which occur by using these methods. Dae to the
limited time available for making this survey the map of the
district (Plate I) is only partially complete.
LOCATION AND ACCESSIBILITY
The map on Plate II gives the location of this area with
respect to the larger towns of the western part of the state.
The exact location using the land survey maps as a reference
is in the three eastern tiers of sections in township two
north, range four west and the two western tiers of sections
in township two north, range four west. The roads shown on
the map (Plate I) give access to most of the mines of the dis-
trict. The area in the northeast portion is inaccessable by
automobile. The district is serviced by two railroads, the
C. M. st. P. & P. and the Northern Pacific with shipping pOints
at Whitehall and Cardwell which is about five miles to the
eaBt~
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PHYSIOGRAPHY
Relief and Drainage
The relief of this area ranges from under 5,000 feet in
the Jefferson River Valley at Whitehall to over 6,000 feet on
the high ridge whioh forms part of the southe~n end of the
Bull Mountains. This ridge has a north and south trend and
desoends in a series of giant steps to the level of the Jef-
ferson River east of Whitehall. These steps re~resent old
erosion surfaoes and are best seen when looking toward the
east at the west side of the mountains. To the north the
high ridge is bordered on the west by low parallel ridges
whioh are separated from it by a small valley. South to the
Jefferson River, from the outlying ridges the west front of
the mountain is bordered by a broad area of alluvium whioh
slopes gently from the benoh above Whitetail Creek to the
base of the mountain and is out by many steep-walled dry
gulohes the largest uf whioh is st. Paul Gulch. As the high
ridge or mountain desoends toward the river it fingers out
into a series of ridges whioh have the same general trend
but are of irregular ou t Lf.ne, Enoiroling these fingers is a
sharp crescent shaped ridge which marks the southern end of
the mountain. Below this ridge is a terrace level which is
made up of Pre-Cambrian sediments capped with Pleistocene
deposits.
The east side of the mountain presents an entirely dif-
ferent view. The east front of the mountain along the
southern part rises abruptly from the terraoe level presenting
- -3-
Plate III
A. West Front of the Mountains.
B. East Front of the Mountains.
a long barren steep slope. Farther north it is bordered by
a series of low sharp ridges which butt against the higher
ridge.
It can be seen from the map (Plate I) that the drainage
is very irregular but in general is all towards the west and
south. Most of the irregularities in the southern part are
caused by the small igneous intrusions which force the streams
to cut through the less oompitent shales and arkoses which
underlie this part. In the northern part the gulch~s follow
fault zones. All of the oreeks of this area are dry exoept
for small springs which oocur along their courses. These
springs do not form water courses but sink into the earth
after running a few feet because of the porous nature of
the ground. There is a general lack of water throughout
this area for mining purposes as farms occupy the stream and
river valleys to the west and south.
Vegetation
In the southern part the slopes are oovered with a scant
grass, sagebrush, and a few stunted junipers and oedars.
This condition exists throughout moet of this area except in
the higher mountains of the northeast portion where there is
a fairly good growth of medium sized pines and firs which
may be used for mining purposes.
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SEDIMENTARY ROCK FORMATIONS
_-- .J:!'eet
-
Quaternary Alluvium '? I. I
CENOZOIC Pleistooene Sand and 10
I gravelTertiary -
Miooene Arkose ?
"
Limestone 800
I _
I I
PALEOZOIC Cambrian Shale 100
:Quartzi te 100
--
Shale 4000
PROTEROZOIC Belt Series Arkose and 7000Shale
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STRATIGRAPHY
In working out the stratigraphy of this area the Oam-
brian formations, with the trilobite zone and the Flathead
Quartzite at the base, were used as a key horizon. The rest
of the formations were placed according to their stratigraphie
position.
Proterozoio Strata
~ Series. The Belt rocks are the oldest rocks found
in this area. They are made up of shales and arkose with
some rocks that may be classed as sandstones. There are
11,000 feet of these sediments exposed. In mapping this
area the Belt was divided into two groups of strata, the
lower shale and arkose group and the upper shale group.
Lower Shale and Arkose Strata: The lower-most part of
this group of strata is exposed in the terraces of the south-
ern part of the area. It is made up for the most part of
red and black loosely consolidated shales which when examined
olosely were found to contain many tiny fragments of feldspars.
As these shales near the intrusives; they become so greatly
altered that they loose most of their original characteristics.
This alteration extends for a considerable distance away from
the intrusions and seems to be caused by solution rather than
metamorphism. On going towards the top of the group of strata
the shales become interfingered with beds of arkosic material
which gradually thicken until the top is reached, which is
marked by a thick bed of arkose. The arkose is a greenish
-6-
grey, medium grained rock made up of andesitic material. At
the top of the bed the arkose becomes conglomeratic and con-
tains many peblles of white quartz and. feldspar.
Upper Shale Strata: Conformably overlying the lower
shale and arkose is a thick group of strata which is made up
of a thick series of shales with thin beds of arkosic material
near the base. On the surface the shale is a light buff to
rusty brown in color. Freshly mined shale is of a grey-green
color which is probably the original color of the shale.
Like ·the lower shales these shales have been much altered by
solution, but the phySical characteristics are fairly uniform.
It is a thin-bedded,fine grained shale made up of argellaceous
material which breaks with a slate-like cleavage.
Paleozoic Strata
.-
Cambrian. The upper Belt shale is overlain conformably
by the Flathead Quartzi te which is middle Cambrian in age.
No unconformity of any kind could be found between these for-
ma.tions.
The formations range from middle through upper Cambrian.
Because of the limited time available a oomplete survey of
these formations· could not be made. This makes it impossible
to correlate it with any of the seotions which have been
worked out. The thickness of the group was not measured, but
from its extent on the map it was oalculated to be less than
1,000 feet. These formations oonsist of alternating shale
-7-
Plate IV
A. st.~Paul Guloh
..
Bo Cambrian Formations
and limestone formations with a thick quartzite formation at
the base. The thickness of the formations which make up the.Cambrian of this area were estimated as follows: From top
to bottom, 150 to 200 feet of gray dolomitic limestone, 100
feet of green shales with the trilobite zone at the base,
400 feet of dark,black , and gold limestone, 100 feet of dark
shales, and 100 feet of pink quartzite.
Cenezoio strata
Tertiary. These deposits have a range from Miocene to
Pleistocene and are confined to the southern portion of the
area. The Miocene deposits consist of coarse-grained,light
colored arkose, which is made up of granitic material loosely
consolidated and in some places cross bedded showing the·
effect of stream deposition. In most places this material
is bedded but in some places it is massive having the appear-
ance of granite. These beds seem to be all somewhat tilted
and rest unconformably\on the lower shale and arkose of the
Belt Series.
The Pleistocene deposits are horizontal beds which cap
the terraces of the southern part of the area. They oonsist
of solidly to loosely consolidated sands and gravels which
contain localized lenses of talus breocia. These deposits
rest on the upturned ends of the shales of the lower Belt.
The hiatus from p~e-Cambrian to late Tertiary i8 represented
by a thin line. The Pleistocene deposits seem to grade into
the more reoent deposits of soil gravel and olay whioh over-
-8-
lB. Belt Shales and Overlying Pleistocene Deposits.
lie them indicating recent deposition, although they may
have a wider range of deposition than is indicated in this
report.
Recent. The recent deposits consist of valley fill of
sand, gravel, soil and talus deposits.
IGNEOUS ROCKS
The igneous rocks are all confined to the eastern and
southeastern portion of the area (Plate I). They are apha-
nitic in character and occur as dikes, sills, and cupolas.
The large crescent shaped intrusion to the south is a sill
which grades into a dike on the west and a cupola-like struc-
ture on the east. The other intrusions seem to be either
dikes or cupolas. The outcrops of these rocks are very ir-
regular and seem to represent fingers of a larger intrusive
mass which must underlie this area. The composition of the
igneous rocks varie&, but the most doninant rock is latite
which is a light colored rock made up of small crystals of
orthoclase and plagioclase cemented by a finely ground mass.
The more basic rocks ~re andesite which is a fine-grained
light colored rock containing white plagioclase crystals,
dolerite which is a coarse-grained basalt, and basalt.
"
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STRUCTURE
The area seems to be an isolated fault block of Cambrian
and Belt sediments. These formations are cut off on the north
and east by traoeable faults. On the south and west the area
is bordered by the Jefferson River and Whitetail Creek, which
may represent incompetent zones oaused by faulting. The diS-
trict is in an area in which faulting and intrusion has
played an important part in the struoture. To the north-
east, east, and south are large faults such as the Lombard
and Mayflower whioh are traoeable on the surface for many
miles. Within the district are many faults only the largest
of Which are shown on the map (Plate I). The faults may be
divided into two general classes, the first group occurring
in the early Tertiary with the intrusions and the seoond oc-
curring in Pliocene times. The first group of faults are
mineralized and make up the fissure veins of the district.
The second group of faults do not seem to be mineralized as
no mines or prospeots occur alopg them and are best repre-
sented by the large fau~t the northe=n p~t of the dis-
,trict which displaces t~ Cambrian formations. The west?
front of the mountai~ probably r~~ e~e~t~ a fa~lt formed .
during this time, b~t no evidenl)~ ~f faulting W~3 found ex-
cept the crumpled condition of the shales to the north of
the Ohio Mine.
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ECONOMIC GEOLOGY
The mineral deposits of this district seem to be con-
fined to gold and silver ores. At present mining seems to
be confined to the gold veins which occur in fissures in the
upper Belt shale. These fissures range from a few inches to
over three feet in width. Many small veins occur in the
lower Belt strata; but they are too small to mine. So far
as was noticed no paying mines exoept the Ohio mine were
located near the intrusives.
Large clay deposits occur in portions of the shales of
the lower Belt strata. In some places this olay has been
mined by small open pits from which small amounts of clay
have been taken, but no great amount of work seems to have
been done on these deposits. From a rough examination of
these clays there seems to be three different kinds, a com-
mon briok clay, a red fire clay, and an impure kaolino These
olays seem to have been formed by the removal of some of the
more soluble minerals by the aotion of ground water, a pro-
cess which seems to be still going on along the lower end of
Alum Gulch.
Another non-metallic resouroe which is found in this
area is novaoulite which is used in some places as an abra-
sive material.
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A Mine 1~ the Upper Be1t .Shale
-
Plate VI
Fissure Vein Which Has Been Stoped
to the SUrface
Plate VII
\CONCLUSION
From this report it can be seen that there is much geo-
logical work left to be done in this area. This is especial-
ly true of the mineralization and structure.
-12-
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